Abstract. Peanut skin is a waste of peanut industries especially peanut butter industries. Peanut skin contain high antioxidant and high nutritional values. The objective of this study was to optimize the effect of parameters to obtain high extract yield and high antioxidant activity by using supercritical carbon dioxide and co-solvent ethanol. A Box-Behnken design (BBD) was used to optimize the extraction process at the condition temperature (40, 55 and 70 o C), rate of co-solvent ethanol (2.5, 5, and 7.5 % Vethanol/Vtotal), and extraction pressure (10, 20 and 30 MPa). The extraction time was 3 hours. The optimum condition to obtain yield of extraction and antioxidant activity 22.05 MPa, 62.76 °C and 6.03 %(Vethanol/Vsolvent) with 15.404 % yield extract and 94.040 % antioxidant activity.
Introduction
Peanut is an agricultural product that has been used for many dishes in the asean country such as Indonesia, Malaysia and Philippines. In food industries, peanut skin is always removed from peanut due to taste of product. Peanut skin decreases the quality of product because peanut skin has astringent taste.
Astringent taste indicates that peanut skin contains high antioxidant inside of its skin. Previous researcher has already found that peanut skin contains procyianidin, catechin, epicatechin, and anthocyanidin [1, 2] . Most of this antioxidant of peanut skin extract reduced risk of cardiovascular diseases and cancers, anti-diabetic, antiinflammatory [3] .
Supercritical carbon dioxide is a green and safe technology to extract oil, bioactive compounds and antioxidant. Furthermore, supercritical carbon dioxide does not have residues after extraction process because carbon dioxide will be naturally separated from the extract. Moreover, supercritical carbon dioxide extraction has many advantages in food process extraction because unexpansive as solvent, and also has small critical temperature and pressure (304 K and 71 Bar). Although, supercritical carbon dioxide has many advantages, the built up the extraction apparatus is expensive but the extract of extraction has high quantity of bioactive compound and antioxidant activity compared with conventional extraction such as soxhlet extraction.
Many researchers has successfully used supercritical carbon dioxide extraction to extract bioactive compounds from herbs and plants effectively. Recently, pipper batle leaves, Pithecellobium Jiringan (Jack) prain seeds, palm oil, and rubber seeds oil are successfully extracted by supercritical carbon dioxide extraction [4, 5, 6, 7, 8] . Moreover, high selectivity and diffusivity to certain compound and condition in the solute are the significant advantages of using supercritical carbon dioxide. furthermore, the another advantages of supercritical carbon dioxide extraction is the solubility of solvent can be manipulated by pressure, rate of cosolvent and temperature [9] .
Ethanol as co-solvent in the extraction process is needed for this extraction process to encourage the polarity of solvent. Therefore, with addition co-solvent ethanol in the supercritical carbon dioxide extraction can extract polar and non-polar compounds inside of the solute. Moreover, Ethanol is safer than other commonly co-solvent such as methanol, propanol and butanol because in the market, ethanol is sold with food grade quality.
To optimize and determine influences of variables and fitted the experimental data on the supercritical carbon dioxide extraction has successfully used by response surface methodology (RSM). Commonly, pressure, temperature and rate of co-solvent are the variables of extraction process. From previous studies shows that extraction of red-fleshed pitaya, piper battle linn leaveas [10] , tomato skin [11] , Passiflora seed oil, and palm oil [12] have successfully optimized by response surface methodology.
The aim of this work was to optimize effect parameters to obtain high extract yield and antioxidant activity.
Materials and Methods

Materials
Peanut skin was obtained from G-Tachfood Industries SDN-BHD. For the pre-treatment process, peanut skin was dried in oven at 60 o C for 4 hours and blended into powder with average size of particle 425 µm and placed in the freezer until used (-20 o C). Liquid carbon dioxide (99% purity) was purchased from Kras Instrument, Johor Bahru, Malaysia. Food grade of ethanol (99.86%) was obtained from Permula Sdn Bhd, Johor Bahru Malaysia.
Extraction Process
Supercritical Carbon Dioxide and Co-solvent Ethanol Extraction
A set of supercritical carbon dioxide and co-solvent ethanol extraction apparatus was used for this experiment. The extraction time was 3 hours with every 30 minutes of extraction process, extracts was collected and recorded. The flowrate of carbon dioxide is maintained 3 mL/min by HPLC pump (Lab Alliance, Series II Pump) from the CO 2 tank into the system continuously, and also co-solvent ethanol 98.86% was pumped continuously when the desired temperature was achieved. Temperature of chiller and back pressure regulator (Jasco BP 2080 Plus Automated BPR) was set at 6°C and 50°C. Next, 5 ±0.005 g of peanut skin was placed into extraction vessel. 
Soxhlet Extraction
Soxhlet extraction is conventional extraction process. Soxhlet extraction gives high extract yield due to exhausting process and small amount of solvents in the extraction process. In this study, a comparison antioxidant activity between supercritical carbon dioxide extraction and soxhlet extraction were revealed. The solvents used was ethanol, n-hexane and water. The particle size was 425 μ and extraction time was 6 hours.
Determination of Antioxidant Activity
The determination of antioxidant activity by 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) of peanut skin extract was evaluated as described by previous study [13] . First of all, the peanut skin extract 0.5 μgr/L was mixed with a 0.165 mM ethanoic (DPPH). Furthermore, 30 min incubation at room temperature. Spectrophotometer UV-Vis (Webler) was used to obtain the absorbance values were measured at 516 nm and converted into percentage of antioxidant activity (% AA). The measurement of antioxidant activity is:
Where %AA is percentage of antioxidant activity, A a is absorbance of DPPH solution and A b is absorbance of mixture between DPPH solution and extract solution.
Experimental Design
Three parameters of this study are pressure (X 1 ), temperature (X 2 ) and rate of co-solvent ethanol (X 3 ) in order to obtain optimum yield extract of peanut skin, Y 1 and percentage of antioxidant activity, Y 2 . Box Behnken Design was used for experimental design. In this study, quadratic model was used to fit the experimental data as follows: (2) Y is the predicted response, B 0 is a constant, B i , B ii , B ij are the interaction of effect, X i and X j are coded value of factor. Furthermore, the response surfaces of the variables inside the experimental domain were analyzed by analysis of variance (ANOVA).
Result and discussion
Experimental Result
To optimize the extraction process, the effect of pressure, temperature and rate of co-solvent were the three main variables in order to obtain high extract yield and high antioxidant activity on peanut skin extract. The three variables was investigate by using second order polynomial statistical model. Preliminary studies was needed to determine fixed variables of the optimization. The quadratic effect of the treatments variables, their interactions and coefficients on the response variables were obtained by analysis of variance (ANOVA). Experimental design was made by using box bhenken design shown in table 2. 
Statistical Data Analysis
The analysis of variance (ANOVA) is presented in Table  3 for extract yield and antioxidant activity. Based on the analysis, second order polynomial equation was chosen and successful to optimize the extract yield and antioxidant activity of peanut. The analysis showed that both models were statistically significant (sig. < 0.05) at 95% confidence. The coefficients of quadratic model are shown in Tables 5 and 6 . Due to the coefficient of determination (R 2 ) 0.853 and p-value of model was 0.0278, the second order polynomial model has been successfully fitted the experimental data of extract yield as shown on the Eq.3. From table 4, for the response extract indicated that pressure and rate of co-solvent ethanol were the most influence variables on the extraction process based on value of coefficient is higher than another variables. Fig.3 . 3D response for the effect of pressure and temperature on the extract yield Fig. 3 shows that extract yield increase with increasing of pressure (X 1 ) at constant lowest and highest temperature (X 2 ). This is because Increasing of solubility and density of CO 2 to extract from the solute will be easily extract went out from the solute [8] . Increasing of pressure on the extraction process increases the density of carbon dioxide may affect of diffusivity of carbon dioxide to carry out of extract from solute [14] . This is similar funding with extraction of castor oil that increasing of pressure will increase the yield extracts [15] . It proofed that in the table 3 p-value of pressure X 1 is lower than p-value (0.05 > 0.0096) Fig.4 . 3D response for the effect of temperature and rate of cosolvent on the extract yield Increasing of the temperature at lowest pressure condition enhanced the yield extract of peanut skin, but effect of temperature have small effect on the extraction process due to coefficient of quadratic model and pvalue temperature is higher than p-value (0.5234 > 0.05). Fig.4 and table 4 shows that the co-solvent ethanol was the main influence variable to obtain the maximum peanut skin extract. Ethanol as co-solvent is a polar solvent that can easily extract the polar compound from the peanut skin due to compositions of peanut skin extract are polar compounds such as catechin, epicatechin, procyanidin and anthocyanidin. The ethanol as co-solvent had a smaller value of significant than pressure (0.005 < 0.0096).
Effect parameters on the extract yield
The pressure 22.05 MPa, temperature 62.76 o C and 6.03 % rate of co-solvent ethanol are optimum condition to obtain maximum extract yield (15.4043 %). The calculated of coefficient of determination (R 2 ) of the optimization of extraction with response yield extract was significance because the value is above 0.8. Futhermore, p-value of model on the ANOVA was lower than 0.05. Quadratic model has been successful giving the optimum pressure, temperature and rate of co-solvent ethanol in range of adjustable. Quadratic model has been successfully described and fitted the experimental data of antioxidant activity due to satisfactory coefficient (R 2 ) of response was high (0.8692) and p-value model (0.02079). Table 2 and 5 shows temperature were the most influence on the extraction process because it had big values of coefficient compared with others. It is proofed that in the table 5 p-value of pressure X 1 is lower than p-value (0.05 > 0.008).. Quadratic rate-of co-solvent ethanol (X 3 2 ) was most influence in the extraction process due to p-value and coefficient on the second order polynomial that is the highest value on the equation model. shows that increasing rate of co-solvent X 3 at lowest and highest temperature (X 2 ) reveals the peak optimum condition in the middle of range variables. Increasing of rate of co-solvent will enhance the polarity of solvent from nonpolar that without co-solvent to polar after added ethanol as co-solvent [16, 17] . Furthermore, most of bioactive compound inside of peanut skin extract is polar compounds automatically will enhance the antioxidant activity [2] .
Effect parameters on the Antioxidant Activity
. From Fig 7, 3D response shows that in the effect of temperature, the model has already success to optimize the condition that optimal temperature was revealed. At the highest temperature condition, temperature will degrade the bioactive compound inside of extract, but in the lowest temperature condition, effect of the solute vapour is not dominant that solvent is difficult to carried out the extract and its bioactive compound from solute. Effect of pressure is not dominant in this extraction process to enhance the antioxidant of extract because increasing of pressure will not degrade the bioactive compound [15, 18] . It was proofed that p-value on the coefficient of model was higher than 0.05. Furthermore, effect of vapour solute was revealed on this studies because increasing of temperature will increase the antioxidant activity [19, 17, 5] . There are more bioactive compound was successfully extracted from solute due to increasing of temperature. This is similar funding with extraction of jack fruit that increasing of temperature will increasing the antioxidant activity and yield of extract [20] .
Comparison antioxidant activity between supercritical carbon dioxide with cosolvent ethanol and soxhlet extraction
In this study, extract of supercritical carbon dioxide with co-solvent ethanol gives the highest antioxidant activity compared with soxhlet extraction with various solvents (ethanol, water and n-hexane).
Fig.7.
Comparison antioxidant activity between SC-CO 2 and soxhlet extraction with various solvents Antioxidant activity of soxhlet extraction was lower than supercritical fluid extraction due to temperature of extraction process. Soxhlet extraction uses the high temperature to extract the solute that will degrade the bioactive compound of extract [21] . Antioxidant of extract with n-hexane as solvent is the lowest antioxidant activity indicated that most of compound inside of peanut skin is polar compound because n-hexane is non polar that is difficult to extract polar compound inside of peanut skin such as catechin, procyanidin, anthocyanidin and epicatechin [22] , [2] , [3] .
Conclusion
The second order polynomial as quadratic model was chosen to optimize the supercritical carbon dioxide extraction with co-solvent ethanol with response optimum yield extract of peanut skin and antioxidant activity due to p-value of model (p < 0.05). The optimum yield peanut skin extract and antioxidant activity was 15.40 % and 94.04 % with conditions at 62.76 o C, 22 .05 MPa and 6.03 % rate of co-solvent. Furthermore, the second order polynomial was successful to optimize the effect condition in the range variables adjusted and gave the maximum extract yield and antioxidant obtained. The supercritical carbon dioxide with co-solvent ethanol gave the higher antioxidant activity compared with soxhlet extraction due to temperature of extraction process. High temperature will degrade the bioactive compound and antioxidant activity of extract [23, 24] .
